a single dominant gene conferred resistance to race 1 of fusarium wilt ( Table 2) . Tests of allelism indicated that the resistant parents used in this study all carried the same gene for resistance. The F 3 families from resistant ϫ resistant crosses were uniformly resistant, while the F 3 families from the susceptible ϫ susceptible crosses were uniformly susceptible (data not shown). The dominant Fw gene conferred 100% resistance to the pathogen, and no intermediate disease reaction was observed in any of the crosses.
Joint segregation of markers used in this study indicated linkage between Fw, Td, b, and Lap-1 ( Table 3) . Td is a gene for leaf dentation, while b, in the presence of A, confers pink flowers. These linkages were consistent in seven crosses that segregated concurrently for Fw and two or more markers, although the recombination values differed slightly among the crosses. Crosses 1 and 4 segregated for A, the major gene for anthocyanin pigmentation of stems, flowers, pods, and seeds, as well as b. Since A is epistatic to b, only those plants classified as A-, about three-fourths of the population, could be scored for b.
Because slightly different recombination values were found in the different crosses that segregated for the same markers, we tested for homogeneity of the data among the different crosses using the chi-square test. No significant differences among crosses were found for the distribution of data for Fw and b or for the distribution of data for Fw and Lap-1 ( Table 3 ). The grouped data from the different crosses indicated 14% recombination between Td and Fw, and 13% recombination between b and Fw and between Lap-1 and Fw ( Figure 1) .
We did not find linkages between Fw and the other markers used in this study. Wade (1929) reported linkage between Le and Fw, and Lamprecht (1948) , believing that Le was on his linkage group 4, placed Fw on that linkage group. Since that time the placement of Fw has not been tested, despite considerable changes to the pea linkage map. Our data indicate that Fw is linked to b , and Td which are located on linkage group III (Weeden et al. 1998) . Our results also support the placement of Td on linkage group III. Linkage of Fw with Le, as reported by Wade (1929) and Wells et al. (1948) , was not found in this study.
Based on our results, the gene for resistance to F. oxysporum f. sp. pisi race 1 in peas is placed on linkage group III and linked to Td, b, and the isozymic marker, Lap-1. The location of Fw on linkage group IVB, as previously reported, could not be confirmed. We are now attempting to place additional polymerase chain reaction (PCR)-based markers on linkage group III in the vicinity of Fw to more precisely determine the gene order and to identify markers that can be used in marker-assisted selection.
We report the first case of plastid chimera within the Actinidia genus, where plastid inheritance was believed to be paternal. The heterogeneity of chloroplast DNA observed in the hexaploid Actinidia deliciosa cultivar D uno involves the presence or absence of a particular MspI restriction site in the region between the psbC gene and the tRNA-Ser(UGA) gene. The heterogeneity was first observed using restriction fragment length polymorphism and then confirmed through cloning and sequencing. The analysis of the cloned fragments revealed the presence of two haplotypes: the most frequent type was found in 123 (88.5%) out of a total of 139 colonies screened. Partial sequences of the psbCtrnS fragment from both haplotypes revealed that the polymorphism occurs with-in the coding region of the psbC gene and consists of a synonymous transition. A contamination-free cross involving D uno as the male parent produced only plants characterized by the most frequent haplotype, indicating either selection bias against the rare type or more likely fixation of the frequent type in tissues leading to the formation of the male gametes. The MspI restriction profiles performed on various tissues suggest that the rarer type is absent from the histogenic layer LII and that D uno is a periclinal plastid chimera.
In higher plants, each cell possesses many plastids and each plastid contains many copies of the circular plastid genome ( Bendich 1987) . Homoplasmy, defined as the homogeneity of organelle DNA within individual cells, is often observed and hence generally assumed. On the contrary, the occurrence of more than one type of organelle DNA in a given cell, called heteroplasmy, or in a given individual (called chimerism when sorting-out is complete) is infrequent. Homoplasmy is commonly explained by vegetative segregation and uniparental inheritance, occurring during vegetative and sexual reproduction, respectively ( Birky 1983 ( Birky , 1995 . Vegetative segregation, leading to sortingout, has been compared with the classic concept of drift in population genetics, and applied to the population of organelle genomes in a cell lineage ( Birky 1983 ). In the absence of mutation, homoplasmic cells produce only homoplasmic daughter cells after mitotic cell divisions. In contrast, when a heteroplasmic cell divides, the daughter cells may by chance receive only one type of organelle genome, leading to homoplasmic cells. After several mitotic divisions, the disappearance of heteroplasmic cells from the population is generally observed ( Kirk and Tilney-Bassett 1978) . The number of successive cell divisions leading to a complete sorting-out reaches theoretically 10N, where N is the number of organelle genomes in the mother cell (Michaelis 1955) . Unless sorting-out is very slow, a fertilized heteroplasmic egg containing two kinds of plastids is thus expected to give rise to a mature plant consisting of clonal sectors with homoplasmic cells. Such chimeras are evident in variegated plants having sectors of green and white cells, such as in Pelargonium ( Tilney-Bassett and Birky 1981) . The prevalence of uniparental inheritance of organelles, which involves various molecular and cellular mechanisms ( Birky 1995) , also contributes to the higher frequency of homoplasmy.
Since then, heteroplasmy has been found in organisms belonging to various and distant groups. Mitochondrial heteroplasmy has been reported in many animals (Jenuth et al. 1996; Koehler et al. 1991; Solignac et al. 1987; Steel et al. 2000) including humans (reviewed by Chinnery et al. 2000) . Plastid heteroplasmy has also been reported in a great number of plant taxa, for example, Gossypium ( Lax et al. 1987), Medicago (Johnson and Palmer 1989; Lee et al. 1988) , Oenothera (Chiu et al. 1988) , Oryza (Moon et al. 1987) , and Pelargonium ( Tilney-Bassett and Birky 1981) . Many of the cases of variegation known to date in cultivated plants are due to spontaneous mutations of the plastid genome ( Kirk and Tilney-Bassett 1978) . But heteroplasmy can also arise from biparental inheritance when each parent transmits its organelles to the zygote, as has been observed, for example, in Pelargonium ( Tilney-Bassett and Birky 1981) or from uniparental inheritance when sorting-out in the parent is incomplete so that some heteroplasmic gametes are produced, as observed in Gossypium ( Lax et al. 1987 ) and in Epilobium (Michaelis 1962) . So far the extent of heteroplasmy has been difficult to estimate, as its detection was limited to the availability of phenotypic markers. As the number of molecular studies dedicated to the organelle genomes increases, additional cases of heteroplasmy should be discovered.
Previous studies in Actinidia, a genus comprising dioecious vines of various ploidy levels (2n ϭ 2x to 6x) ( Ferguson 1990) , have established that plastids and mitochondria are inherited strictly paternally and strictly maternally, respectively. This unusual mode of inheritance among angiosperms was first demonstrated in interspecific crosses (Cipriani et al. 1995; Testolin and Cipriani 1997) before being confirmed at the intraspecific level in the kiwifruit (Actinidia deliciosa) (Chat et al. 1999) . During our survey of plastid inheritance (Chat et al. 1999) we discovered that one region of the chloroplast (cp) DNA exhibits intraspecific variability within A. deliciosa. It is this polymorphism that allowed us to demonstrate the paternal cpDNA inheritance within controlled progeny of A. deliciosa. Later we realized that 1 of the 10 parents investigated could actually be heteroplasmic. No case of heteroplasmy had been reported so far in Actinidia.
In this study we demonstrate the presence of mixed populations of cpDNA molecules in the Actinidia cultivar D uno and we analyze the sequence polymorphism between the two types of cpDNA coexisting in that individual. We suggest different mechanisms to explain two apparently contradictory observations-the maintenance of cpDNA heterogeneity following asexual reproduction and the loss of cpDNA heterogeneity following sexual reproduction-by considering that organelle transmission is a quantitative trait rather than a qualitative one ( Birky 1995) , and by taking into account features of plant ontogenesis and reproduction.
Materials and Methods

Plant Material
The plant material under study consists of the cultivar D uno, a male Italian rootstock selection ( Bellini and Monastra 1986) . This male was crossed with the female cultivar Hayward to produce the F 1 population. Forty full sibs coming from the controlled cross performed by Chalak and Legave (1997) were planted in an orchard near Bordeaux and subsequently analyzed using molecular markers. The Corsica D uno parent has been propagated using node IBA-treated cuttings and one vegetative clone was kept to be grown in a container at INRA-Bordeaux. The D uno plant grown in Corsica and from which the pollen has been collected for the controlled cross is called the ''original male parent'' in the text, to distinguish it from its vegetatively propagated copy grown in Bordeaux, called the ''vegetative clone.'' Both parents and all the progenies are hexaploids, as shown twice using flow cytometry (Chalak and Legave 1997) . Two other genotypes have been used as controls in this study: M2, a putative source of pollen contamination for the F 1 offspring, and Greensill.
Isolation of Genomic DNA Total genomic DNA was isolated according to a modified CTAB procedure as detailed in Chat et al. (1999) or using the plant DNeasy kit (Qiagen). At least one DNA sample from each plant material was isolated from leaf tissue. Genomic DNA has been extracted from two leaf samples collected at random on the original male parent in 1995. Concerning the vegetative clone of D uno, several DNA samples were isolated from tissues collected in 2000: three DNA extracts isolated from separate leaf samples collected on distinct and consecutive developing buds, one DNA ex- tract isolated from root samples collected at random on the vegetative clone, and one DNA extract isolated from stamens collected at random from flowers 1 or 2 days before anthesis. In 2001, additional DNA samples were isolated from three different leaf tissues of the vegetative clone of D uno, that is, the margin of the lamina, midrib, and petiole. All the DNA extracts were diluted at a final concentration of 5 ng/l to be used as template.
Restriction Fragment Length Polymorphism (RFLP) of the cpDNA Region
The cpDNA region under study was located between the psbC and trnS genes, coding for the psII 44 kDa protein and the tRNA-Ser( UGA), respectively. Primers designed by Demesure et al. (1995) have been used to amplify this particular DNA region, called CS in the text. Conditions for polymerase chain reaction (PCR), digestion with the MspI restriction enzyme, and subsequent separation of the DNA fragments by electrophoresis have been described by Chat et al. (1999) . Template used for PCR come either from total genomic DNA or from isolated bacterial colonies containing a plasmid with cloned CS fragments from the original male parent. The MspI restriction enzyme used in the present study is an isoschizomer of the HpaII used in Chat et al. (1999) .
Cloning and Bacterial Transformation
Prior to cloning the CS region of the cpDNAs from D uno was amplified using the same conditions described above and purified through a QIAquick column. PCR products were then cloned using the pGEM-T Vector System kit following the manufacturer's instructions (Promega). Recombinant plasmids were introduced into Escherichia coli-competent cells (strain DH5␣) using heat shock. Positive colonies were then selected on LB media containing 100-g/ml ampicillin and the substrates 5-bromo-4-chloro-3-indol-␤-Dgalactoside ( X-gal) and isopropyl-1-thio-␤-D-galactoside ( IPTG) (20 g/ml each). Throughout, the term ''colony'' is used for the bacterial material, whereas the term ''clone'' is restricted to the plant material.
DNA Sequencing
Sequencing was carried out in both directions with M13 primers. The insert of at least two independent colonies has been sequenced for all haplotypes identified. For each type, sequences were aligned using Multalin version 5.4.1 (Corpet 1988 ) and a consensus sequence was obtained.
Amplification of Simple Sequence Repeat (SSR) from the Nuclear Genome
Six SSR primer pairs, UDK1996-001, -030, -406 ( Huang et al. 1998 ) and 721, 722, 735 (Weising et al. 1996 , were tested on the two parents, Hayward and D uno. As they all revealed polymorphism, they were subsequently used to determine the genotype of each of the 40 F 1 offspring. PCR was performed using 10 ng of genomic DNA, 2 mM of MgCl 2 , 0.2 M of each primer, 100 M of dNTP, 1ϫ PCR buffer (20 mM Tris-HCl pH 8.4, 50 mM KCl), and 0.5 U Taq DNA polymerase in a total volume of 25 l. Thermal cycling consisted of an initial denaturation step (94ЊC for 1 min) followed by 30 cycles each consisting of a 94ЊC denaturing step (50 s), a 55ЊC annealing step (50 s), and a 72ЊC elongation step (60 s).
At the end of the reaction, a final extension period was included (72ЊC for 8 min). PCR products (1-1.2 l/lane) were denatured at 94ЊC for 5 min in 60% formamide before being separated on a standard DNA sequencing gel containing 6% polyacrylamide (acrylamide:bis-acrylamide 19:1), 7.5 M urea, and 0.5ϫ TBE at 80 W constant power for approximately 2 h.
Statistical Analyses
For SSR markers, we only selected alleles that were present in one parent and absent in the other. Given the difficulty to distinguish between one-dose versus multidose allele conditions within the F 1 population, segregation analysis was performed based on the phenotype rather than the genotype (i.e., the segregation ratio corresponds to the presence [ϩ] versus the absence [Ϫ] of the allele). Recent molecular data support the hypothesis of an autopolyploid origin of the hexaploid A. deliciosa ( Testolin and Ferguson 1997; Testolin et al. 2001 ). In the gamete population originating from an autohexaploid with polysomic inheritance, ratios [ϩ] : [Ϫ] of 1:1, 4:1, 19:1, and 1:0 are theoretically expected for alleles in simplex, duplex, triplex, and quadruplex conditions, respectively. In the present study, the maximum dosage observed for the maternal or pa- ternal alleles was two (see Results section). The probability of the gamete being [ϩ] corresponds to the random sampling without replacement of three alleles among the six parental ones (either paternal or maternal) and can be calculated according to the following formulas:
single dose allele:
double dose allele:
Chi-square tests were used to determine goodness-of-fit of the segregation ratios for each of the polymorphic alleles. The normal distribution, which approximates the binomial distribution in case of large samples, was used to derive the probability that a given male gamete of D uno (and subsequently a given F 1 offspring) will inherit a particular ratio of cpDNA types (p) in the absence of bias. The mean ratio of each type of cpDNA considered for the normal distribution was obtained using the cloning strategy.
Results
Original Male Parent D uno
The D uno restriction pattern for the MspI digest of the CS fragment is shown in Figure 1 . Two types of cpDNA, called type A and type B, can be distinguished within the D uno restriction pattern. The 400 bp restriction fragment observed in type B is cleaved into 300 bp and 100 bp restriction fragments in type A due to an extra MspI recognition site. Considering the relative intensities of the bands in the restriction pattern, it appears that D uno contains mostly type A cpDNA and only a few type B cpDNA. This pattern was repeated in different amplification reactions, where the 400 bp fragment always presented a reduced intensity after staining with ethidium bromide (data not shown). Moreover, as judged by visual inspection of the gels, we obtained similar relative band intensities of the restriction fragments when using different DNA extracts from the leaves of D uno as templates for PCR ( Figure 1) . Using DNA isolated from leaves collected in 1995 on the original male parent D uno, it was not possible to digest this 400 bp remaining fragment even when using supraoptimal restriction enzyme concentration (data not shown).
To test at which threshold a mixture of two populations of cpDNA template is detectable in our experimental conditions, we used a range of artificial mixtures of DNA extracts as templates for PCR amplification followed by digestion with MspI (data not shown). Twelve different mixtures ranging from 1% to 99% were obtained with DNA isolated from two apparently homoplasmic kiwifruit plants analyzed previously, that is, Greensill for type A cpDNA and Hayward for type B cpDNA (Chat et al. 1999 ). It appears that type B cpDNA is detectable in our experimental conditions when the corresponding ratio is at least 10% of the total. As judged visually, it seems that in the case of D uno leaves, the ratio of type B should be within the range of 10-30%.
To precisely evaluate the proportion of each population of cpDNA in D uno, but also to definitively confirm the occurrence of two cpDNA populations in this plant, we cloned the CS amplified fragments of D uno. Colonies containing a 1600 bp insert (size of the CS fragment) were analyzed by PCR-RFLP performed in the same way as for total genomic DNA ( Figure 1) . The relative ratio of each type of cpDNA was evaluated on 139 positive colonies. There were 16 type B colonies (11.5%), the 95% confidence interval being from 6.5% to 16.5%. This ratio is thus consistent with that established using artificial mixtures of DNA as templates in PCR.
To determine the molecular basis of the polymorphism, the CS insert fragments of two colonies per cpDNA type were sequenced. Both 5Ј and 3Ј terminal sequences of the CS fragments were obtained, corresponding to 540 bp and 600 bp long, respectively. No polymorphism was detected within the 3Ј terminal sequences. On the other hand, the 5Ј terminal sequences for the type A ( EMBL: AJ459487) and type B ( EMBL: AJ459488) cpDNA dif- fer from each other by a single nucleotide at position 231 from the cloning site. It corresponds to the open reading frame of psbC at position 303. The substitution consists of a thymine (type B) being replaced by a cytosine (type A), or vice versa, resulting in a gain of restriction site for the MspI enzyme. The exact size of the MspI restriction fragments deduced from the sequences are as follows: 381 bp (type B) cleaved into 111 bp and 270 bp (type A), which correspond roughly to the sizes deduced from the acrylamide gels. The alignment performed between the psbC gene product of Arabidopsis thaliana (Swissprot: P56778) and the deduced amino acid sequence of A. deliciosa shows that the substitution is located at a silent third codon position of psbC.
Vegetative Clone of D uno
The vegetative clone of D uno was tested for cpDNA heterogeneity. For this purpose, leaves from three distinct and consecutive developing buds were collected in spring 2000. The PCR-RFLP results shown in Figure 1 revealed that all three DNA samples extracted contained both types of cpDNA in a proportion comparable to that of the original male parent. The type B cpDNA was also detected in the margin of the lamina, the midrib, and the petioles of the leaves, as well as in the stamens ( Figure 2) . On the contrary, no type B cpDNA was detected in the roots.
Sexual Offspring of D uno
We have shown previously that all 40 offspring originating from the cross Hayward ϫ D uno had inherited the major paternal type A cpDNA (absent from the maternal plant). These results have been repeated for all 40 offspring in the present study and are illustrated for 15 of them in Figure  3 . In order to confirm the parentage of the F 1 plants, we used nuclear codominant markers. Six SSR primer pairs ( Huang et al. 1998; Weising et al. 1996) that produced alleles present in one parent but absent in the other parent were selected. Genotypes of the parental clone have been determined unambiguously at 19 polymorphic loci. Assuming polysomic inheritance, chisquare tests indicated no segregation distortion in the F 1 offspring for any of them. Moreover, the results obtained with 735 and 722 showed that SSR banding patterns of D uno and M2, a putative source of pollen contamination, differed from each other. As shown for 722 in Figure 4 , half of the 40 F 1 offspring exhibit the D uno-specific band (110 bp), but none of them exhibited that of M2 (106 bp). As a conclusion, the absence of significant deviation from the Mendelian expectation, as well as the absence of unexpected bands in the SSR banding patterns of the F 1 population, excludes the possibility of pollen contamination.
From our experimental data, we know that type B cpDNA may not be detected under our experimental conditions if the corresponding ratio is lower than 10% of the total. No type B cpDNA has been detected from the visual inspection of the gel in any of the 40 F 1 offspring. Given the proportion of type B in D Uno that was deduced from the cloning experiment (11.5%), the probability of not detecting type B by PCR in a given F 1 offspring (computed using the binomial distribution) is relatively high (38.2%). On the other hand, if we consider the entire F 1 population, the probability of not detecting type B in any of the offspring drops to (0.382) 40 ϭ 1.9 ϫ 10 Ϫ17 .
Discussion
The variable cpDNA region of kiwifruit studied was initially identified in order to determine cpDNA inheritance in intraspecific crosses (Chat et al. 1999) . During that study, polymorphic patterns for cpDNA were revealed among A. deliciosa clones using the CS-MspI combination. Among the 10 clones of A. deliciosa investigated in 1999, three clones-one male and two females-showed the extra MspI site that results in a 400 bp fragment being cleaved into two fragments. This extra site was shown here to result from a single silent substitution. In 1999 the male clone found to have the extra MspI site ( D uno), but characterized also by the presence at lower frequency of the uncleaved fragment, had been misinterpreted as resulting from a partial digestion of the restriction enzyme site. Using a cloning strategy that provides a simple and efficient way to separate different PCR products, we have demonstrated here unambiguously that D uno possesses a mixed population of cpDNA. As judged visually from the restriction profiles, the two haplotypes appeared to be unequally represented in the leaf-sample DNA extract. Hypothesizing that no bias occurred during PCR or cloning, the proportion of the dominant type A cpDNA within D uno leaf tissue can be estimated at around 88%; such a proportion reflects only the cpDNA heterogeneity present in D uno leaf tissue, but may not hold for other organs.
How did that chloroplast heteroplasmy originate? It could be the result of plastid mutation at any stage of plant development ( Kirk and Tilney-Bassett 1978) . Fre- quently, however, plastid heteroplasmy is assumed to originate from biparental transmission of cpDNA. Biparental transmission of plastids was demonstrated as early as in 1909 in Pelargonium ( Baur 1909) . In the 1990s, documented analyses performed within the Actinidia genus revealed contrasted inheritance of its organelles, that is, paternal for the plastid and maternal for the mitochondria (Chat et al. 1999; Cipriani et al. 1995; Testolin and Cipriani 1997) . No case of biparental cpDNA inheritance has been detected among the 262 Actinidia progenies analyzed so far. However, for a type II error of 1%, a rate of maternal transmission of cpDNA of up to 1.7% would be compatible with the available experimental data (Chat et al. 1999) . Biparental inheritance could explain the origin of the cpDNA heterogeneity within D uno. This hypothesis is supported by the fact that both types of cpDNA, that is, type A and type B, already occur within A. deliciosa (Chat et al. 1999) . Since D uno is a plant of unknown origin, unfortunately it was impossible to analyze the cpDNA of its parents. A de novo mutation seems an unlikely hypothesis to account for this case of heteroplasmy, since this scenario would require the occurrence of two independent mutation events within A. deliciosa leading to the same restriction profile. Our results indicate that the identification and characterization of within-individual cpDNA or mtDNA diversity, based on molecular techniques, may challenge our perception of the frequency of occurrence of biparental inheritance in plants.
A cross between the male cultivar D uno, containing both haplotypes (type A and type B), and the female cultivar Hayward, containing only the type B cpDNA, was analyzed to infer the transmission of the cpDNA heteroplasmic state across generations. Codominant nuclear molecular markers have here confirmed the parentage of the offspring. In our previous work, all the offspring have been found to inherit only the most frequent paternal cpDNA type (Chat et al. 1999) . We have confirmed this finding using additional PCR-RFLP experiments with all the offspring. We can thus conclude that the rarer paternal type B is either absent from the offspring or below the detection threshold (i.e., below 10%). Given the high number of offspring analyzed, the results thus provide good evidence for the predominant transmission of the type A cpDNA molecule to the offspring, leading probably to the fixation of the major type A cpDNA within one generation.
To account for the maintenance of cpDNA heterogeneity after vegetative propagation and its loss after sexual reproduction, three hypotheses can be suggested: random drift consecutive to a bottleneck, selection bias in favor of the most frequent paternal type, or complete sorting-out resulting in a chimeric state, with the fixation of the major type A cpDNA in the tissue producing the male gametes.
Random Drift
Even if rare, the possibility of germ cells being heteroplasmic cannot be completely excluded. In plants, a plastid heteroplasmy was found to persist after several generations of sexual propagation in Gossypium ( Lax et al. 1987 ) and in Senecio ( Frey 1999) . Hypothesizing heteroplasmy of the germ line cells of D uno, one possible explanation for the fixation of one cpDNA within a single sexual generation consists of drastic drift following a ''germ-line bottleneck'' (Chinnery et al. 2000) . A plastid genetic bottleneck will occur when only a small proportion of the available cpDNA genomes repopulate the next generation. However, the probability given by the normal distribution not to detect any type B cpDNA among the 40 F 1 offspring is very low (p ϭ 1.9 ϫ 10 Ϫ17 ), suggesting that the absence of type B cpDNA in the offspring cannot be attributed to a genetic bottleneck only.
Selection Bias
Another explanation for the production of homoplasmic F 1 offspring could be a selection bias. A selective advantage for a mutant or a wild-type cytoplasmic genome may operate during vegetative growth, but also during transmission from one generation to the next (Chinnery et al. 2000) . Although the substitution differentiating the two haplotypes A and B is silent, cpDNA consists of a single linkage group, so that nonsilent substitutions or deleterious insertions or deletions may be linked with our marker. However, the fact that both cpDNA types were found fixed in different A. deliciosa individuals does not support the hypothesis of a strong detrimental effect of type B on the growth or the reproduction of the plant.
Chimera
A chimera is a stable genetic mosaic where at least two genetically distinct cell lineages coexist within the meristems (Szymkowiak and Sussex 1996) . Of particular importance for the development of chimera are the developmental processes leading to the formation of the shoot apical meristem. The shoot apical meristem of most angiosperm species includes three histogenic layers: LI, LII, and LIII (reviewed in Szymkowiak and Sussex 1996; TilneyBassett 1986). As a consequence of vegetative segregation, two cpDNA molecules present in a cell are usually quickly sorted out into separate daughter cells ( Birky 1983) . Considering a heteroplasmic fertilized egg, each layer in a zygote could inherit either type of cpDNA. Vegetative segregation, associated with plant ontogenesis, would then produce stable plastid chimeras (Chesser 1998) . The seemingly constant proportion of the two cpDNA types observed among the various leaf DNA samples of D uno suggests that sorting-out is complete.
In Actinidia, neither the number of meristem layers nor their contribution to the vegetative and reproductive organs have been investigated. Nevertheless, a hypothesis can be proposed, which is in agreement with most ontogenetic studies of dicotyledons and with our experimental data. In dicotyledons, epidermal tissues derive from LI, whereas the internal tissues of the stems, leaves, and flowers derive from both LII and LIII. Given the stable cpDNA mixture detected in the leaf tissues of D uno, it may be deduced that at least one of the three layers present in the shoot meristem contains the minor type B cpDNA. As the three consecutive buds of the vegetative clone exhibit the same restriction profile, the resultant chimera is more likely a periclinal chimera or a mesochimera. Germ cells that give rise to the gametes usually originate from LII (Marcotrigiano and Bernatzky 1995) . Given that type B is not transmitted to the offspring, LII would be fixed for type A. Data from the three distinct leaf tissues provide information on the plastid genotypes of both LI and LIII. In general, all three layers contribute to the mature leaf. Near the midrib, and apart from the epidermis, LII usually gives rise to the palisade and lower mesophyll and LIII to the middle mesophyll. At the margins of the lamina, all the internal cells are generally derived from LII (Szymkowiak and Sussex 1996) . For D uno, the margin of the lamina shows the same restriction profile as the midrib and the petiole, suggesting that the type B cpDNA is more likely present in LI than in LIII. This is in agreement with the restriction profile of the roots. Adventitious roots which form on a stem originate from the subepidermal tissues of the stem ( Dolan et al. 1994; McPheeters and Skirvin 1983) . Because adventitious roots from the vegetative clone of D uno exhibit only type A, it seems more likely that the layer containing type B is LI.
Conclusion
In this study we have identified cpDNA heterogeneity within an Actinidia plant using restriction analysis, cloning, and sequencing. We have demonstrated that the polymorphism observed results from a silent substitution within the coding region of the plastid gene psbC. We believe that the observed cpDNA heterogeneity of D uno is the result of biparental inheritance of cpDNA, leading to the development of a heteroplasmic egg prior to the formation of a plastid periclinal chimera. The absence of transmission of the minor type from D uno to the offspring provides conclusive evidence that it is absent from the LII. Results of amplification using template DNA isolated from different organs, as well as ontogenetic patterns from most dicotyledons, indicate that the rarer cpDNA type is probably present in LI rather than in LIII. As a conclusion, it is likely that D uno is a periclinal chimera with the following structure: BAA, the first letter referring to LI. Paspalum dilatatum is a valuable forage grass in the subtropics. This species consists of several sexual (tetraploid) and apomict (penta-and hexaploid) biotypes.
It has been proposed that the presence of a genome of unknown origin, the X genome, is responsible for apomixis in penta-and hexaploid biotypes. Here we evaluated the utility of random amplified polymorphic DNA (RAPD) markers for discriminating sexual and apomictic P. dilatatum biotypes. DNA samples from nine accessions, including P. intermedium, P. juergensii, and P. dilatatum (ssp. flavescens, and the common and Uruguayan biotypes) were analyzed with 86 RAPD primers. Three hundred sixty-two fragments were scored and genetic similarity estimates revealed that the penta-and hexaploid biotypes were highly similar (S D Ն 0.913). Forty RAPDs were unique to the penta-and hexaploid biotypes. Overall RAPD markers were useful for assessing genetic variation among closely related P. dilatatum genotypes as well as generating putative X genome markers.
Paspalum dilatatum (dallisgrass) is an important South American forage species. Seven polyploid biotypes, including sexual tetraploids (2n ϭ 4x ϭ 40) and apomictic penta-(2n ϭ 5x ϭ 50) and hexaploids (2n ϭ 6x ϭ 60), have been described ( Bashaw and Forbes 1958; Burson 1991a Burson ,b, 1995 Burson et al. 1973) . Common dallisgrass, an apomictic pentaploid, has excellent forage potential ( Bashaw and Forbes 1958) but large-scale cultivation has been hampered, primarily because of its susceptibility to ergot (Claviceps paspali) ( Bennett 1940) . Because conventional breeding methods are not feasible, much effort has been expended to identify the progenitors of this biotype ( Burson et al. 1973; Espinoza and Quarin 2000) . Identification of progenitor species would provide both a means for reconstructing a pentaploid biotype, possibly with increased resistance to ergot, and offer insights into the origin and genetic mechanisms controlling apomixis in P. dilatatum.
It has been suggested that common dallisgrass ( IIJJX genome) originated from a hybridization event between P. dilatatum ssp. flavescens ( IIJJ) and a hexaploid biotype, Uruguayan ( IIJJXX) ( Burson 1991b) . This hypothesis is supported both by the sympatric occurrence of these biotypes and by the phenotypic similarity of their hybrid progeny to common dallisgrass ( Burson 1991a). Cytogenetic analyses have revealed that diploid species P. intermedium and either P. juergensii or P. paniculatum are the likely donors of the II and JJ genomes, respectively ( Burson et al. 1973) . The X genome progenitor, however, is unknown ( Bennett et al. 1969) . Because penta-and hexaploid P. dilatatum are apomictic, it has been proposed that apomixis is associated with the presence of the X genome in these biotypes ( Burson 1995) .
Random amplified polymorphic DNA (RAPD) markers have been used to characterize genetic diversity in Paspalum germplasm ( Liu et al. 1994; M'Ribu and Hilu 1996) . In P. notatum ( bahiagrass), RAPDs have also been employed for discriminating apomictic and sexual accessions (Martinez et al. 1999; Ortiz et al. 1997) . The primary objective of this study was to identify RAPDs unique to apomictic P. dilatatum biotypes. Because PCR-based techniques are less labor intensive than performing interspecific crosses, genomespecific molecular markers should expedite identification of the P. dilatatum X genome donor species.
Materials And Methods
Plant Material
Plant material assayed in this study was obtained from Embrapa Recursos Genéti-cos e Biotecnologia ( Brasília, Brazil) and Facultad de Agronomia (Montevidéo, Uruguay). For each accession sampled, leaves from five different plants were pooled. Accessions included two diploid species, P. intermedium ( BRA-012599) and P. juergensii ( BRA-016225), and seven polyploid P. dilatatum accessions, including one ssp.
